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FOREWORD 

Thli Is lem Interim rejort that ebovs fro0ee»B thrOu|^ IT*^* 
Cohcluilona ftad aspllcirtilon of data must be yieiied iflth eautioii 
because th^ are suseeptlble to chanRe as further eerk direiops. 

The eork vaa authorized under DASA Project A-d 10.06, Oold 
Weather Decontamination, Project 4x12-01-OQI>02, Deeontalitnatidn (tJ), 
with aupplenental funding from the U. S. Navy Bureau of Yards Ud 
Docks. The liork eas started In February 1^0 and la being obntlnuid. 
Completion Is eigpected In June 1962. 
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DIQIST 


The objective of this work, as reported herein, is to obtl4Ji 
necessary data for pifeparation of a eold^eeather suppLaient to 
technical aaaual, TM 3-223, Radiological Recovery of Fixed Military 
Installations. This report covers progress during FY-61. 

A facility capable of producing 300-lb batches of fallout 
sinulant, tagged with 3 cviries of lanthanim-l4^0, vas designed, in^ 
stalled, and operated at Canqp McCoy, Wisconsin. A series of decon- 
«: taaination tests, limited by improper weather conditions, was conducted 

using techniques of snow plowing, power sweeping, and fire hosing. 

, The following evidence, bMed On the fragaentary inforaation 

obtained during this test series, should be considered tentative and 
subject to change. 

1. The decontamination techniques of grading, sweeping, and 
hosing on applicable coldvwesther surfaces are less effective than the 
same techniques on correiqpondlng toaperate-weather svufaces. 

2. Mechanized sweeping and vacuum sweeping of packed snow 
and frozen soil are effective decontamination techniques. 

3. The possibly uzilque decontaainatipn technique of water 
hoeing packed sioow and frozen soil is apparently without aerit. 

Radiation dosage was kept to a minimum by the experimenters 
and no resldxial dosage problems were encountered. Normal camp 
activities were res\awd 30 days after the conclusion of the testing 
period. 


MILITARY APPLICATION 

The available decontamination technical manuals, TM 3-220« 
and TM 3-223^, are inadequate for pLanzilng radiological counter- 
measiures \uider cold-weather conditions. This report covers the pro¬ 
gress of the FY-61 effort to obtain information to correct this 
deficiency. 


* Decontamination. TM 3-220. October 1933 

** Radiological Recovery of Fixed Military Installatioos. TM 3-223. 
(NAVD0C88 TP-n.-13). Int. rev. April 19^. 
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. COIJ) WEATHER DBCOKPAMiHATIOR 0^^ 
i. mraoDucTioM . 

A. Objective . 

The objective of this study is to conduct experinehts and 
collate data pertinent to radiological decohtaininatlon under cold- 
weather conditions, so that the hecessary data is available for pub¬ 
lications of a cold-weather addendum to technical amnual 3~223 
(HAVDOCKB TP-PL-13), Radiological Recovery of Fixed Military 
Installations. 

B. Justification and Requirements . 

?^-3“225 presents methods and data necessary to pefform decon¬ 
tamination, operations on fixed military InstELLlattons under tempefate- 
’weather conditions. The application of basic recovery criteria con¬ 
tained in this manual will have to be modified, or alternate methods 
employed, for decontamination operations under cold-weather conditions, 
large portions of the United States could be affected for an extended 
period of time by cold weather (-ICP to +32®F), thus affecting any 
contemplated decontamination operation. 

This project is part of the Fy-6l Defense Atomic Suppozt 
Agency (DASA) coordinated program. Nuclear Weapons Effects - Fallout., 
with additional support from the U. S. Navy Bureau of Yards and Docks. 

C. Historical Backgroxind . 

Radiological decontamination has been intensively Investigated 
during the past decade by a number of different agencies. The experi¬ 
mental effort has ranged from laboratory studies, throu^ nuclear 
weapons test operations, to conprehenslve studies involving areas up 
to 3 acres. Practically all of this work has been accomplished under 
temperate-environmental conditions .and has been previously. repozH;edb^‘^^3 
The man|^, TM 3-22^, Radiological Recovery of Fixed Military Installa¬ 
tions,^^ was based on the results of these investigations.. 

In I93Q, the U. S. Naval Radiological Defense Laboratory 
(USNRDL) prepared a study of the potential delay in radiological 
recovery-due to cold weather encountered in the United States. 

In this study, the concept of a hosing cutoff temperature was intro¬ 
duced. Operations involving water would not be considered feasible 
below this conceived valvie. Since there were no data upon ^Ich to 
estimate the water hosing cutoff temperature, the analysis of data 
presented the potential delay for a series of possible cutoff tenqpera- 
tures'down to Cf*¥, For a hypothethical cutoff tei^perature of O^F, 
negligible delay would result for normal id.nter temperatures based 
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on ollmatolosLcal studies of the United States; however, delays wouM 
Increase If the cutoff telqperature were higher. At a cutoff tsiqpei4- 
ture of 30°F, the mlision recovery tlJie Would be delayed for abre 
than a months 

Early In i960, the Naval Civil Engineering Laboratory (NCEL), 
with the assistance of the U. S. Army Chemical Corps, conducted a 
Series of tests at Fort Greely and Point Barrow, Alaska, to detezvlne 

(1) the cutoff temperature of water for hosing and building washdowh,, 

(2) the effectiveness of power sweepers on packed snow, and (3) tiie 
surface softening of frozen ground by freezing point depressants* 

Local sand (nonradloactlve) was used as the fallout simulant In these 
tests, thus yielding only qualitative results. From these tests, the 
following Information was obtained: (l) water spray from.fire hoses 
and building mshdown nozzles did not freeze at windchlll values to 
1^50 at 9^F (see Windchlll Index> figure A-E, appendix A) where wind¬ 
chlll Is defined as the combined effect of wind and air temperature on 
heated bodies, and Is expressed In kilocalories per square meter per 
hour; (2) slow leaks and wlndbome ndst did freeze; (3) the water run¬ 
off did not Imiiedlately freeze, and still rxmoff water took I3 to 
crust idien In contact with ocean Ice at 7*^F and at a windchlll Index . 
of 1200; (4) power sweepers were effective on packed snow except at 
temperatvires near freezing; (^) at these ne£u:-freezlng terqperatures, 
surface koftenlng cavised by the onset of thawing apparently trapped 
the contaminant, preventing the sweeper from effectlyely picking it 
up. The use of salt depressants to soften ground surface did not 
appear to be effective. 

A report of known cold-weather decontamination Information^^ 
has been prepared by NCEL, largely based on the foregoing tests, to 
form the basis of an Interim cold-weather supplonent to TM 3-22^. 

The findings of a background literature search by this 
Laboratory on cogent coldwweather factors are suHMrlBed In apfendlx A. 

XI. EXProZMEKTAL PROCEDURES AND FACILITIEB. 

A. Operational Plans . 

A series of decontamination trials (table l) was plaimed to 
be conducted In the field at tenqperatures between -ICP and +32®F. The 
operational test site chosen was Camp McCoy, Wisconsin, idiere the 
proper environmental weather conditions would be expected and idiere 
adequate logistic support and test areas were available. A discussion 
of test-site requirements and a description of the Canqp McCoy site are 
pz^sented In detail In appendix B. Each decontamination trial was 
planned to be conducted on a 20- by 100-ft surface area. This size 
area Is large enou^ for mechanical equipment to operate efficiently, 
and for an adequate number of radiation measurements to be taken. 
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The only deviation in test^area eize vaa the uee of a 20- by 60-ft 
building roof. 

Operations involved preparing a radiation fallout aiifalfBBt, . 
spreading the simulant on test areas, perfoimiing deeontaiitiilitibh 
trials, and finally, disposing of the radioactive vaSte. 

B. Fallout S1 rmilant . 

The IShRDL has developed a fallout simulant consisting of 
lanthanum-l40 (La^^^) tsigged snooth sand. Much of the recent experi¬ 
mentation at Camp Parks has been conducted with a l^Op to 3^^ s im ula nt 
deposited at a mass level of 30 gm/sq^ ft. These physical chaureuster- 
istics of fallout correspond to their model downwind-fallout deposit 
from a land-surface fission detonation of 1-Mt yield at the Htl hr 
intensity of 2,000 r/hr. For convenience in compfu*ison of resets, 
these fallout parameters were also xised by this project. 

The sand was coated with as a radioactive tracer, at 

a specific activity of 10 pC/ga. This isotope has several ^^unma-ray 
energies In the range of 0.33 to 3 Mev, with principal peaks at 0^33^ 
0.49, 0.815, and 1.6 Mev. Its half life of 40.2 hr makes it a con- ; 
venlent tracer, in that rapid radioactive decay would eventually 
eliminate any residual activity. The tagged sand was further treated 
by coating with sodium silicate solution and then by baking for 1 hr at 
1000^C. This treatment was necessary to firmly bond the isotope to the 
sand, in order to prevent any leaching of activity to the environment. 

The fallout simulant was loaded into a dump truck equipped 
with a Burch Hydron spreader. This device is a dump-truck accessory 
designed to uniformly spreeid granular material ont6 road surfaces. In 
operation, a path approximately 7 ^ wide could be spread on pavement, ^ 
soil, and packed snow; thus, three adjacent passes were necessary to 
contaminate the 20-ft wide test areas. For the roof test, a 2-ft wide 
Scott lawn spreader, equipped with extension handle and tachometer, was 
used for contamination operations. Radiation fields of 30 mr/hr in¬ 
tensity levels were produced. 

A detailed description of the fallout-simulant preparation, 
handling, and spreading is presented in appendix C. 

C. Mechanized Equigaent Operation . 

The following mechanized equipment was used in the preparation 
of test areas.add in the various decontamination tests: 

Front-End Loader, Crawler, D-4 Tractor 

Duiv Truck, zjt Ton, 6x6 

Bulldozer, D-8 





N&t/Or Qrtiiar^ Oat«rpdLllar> Jibdil 12 
Pneuastlc Roller, Towed 
Swet^r, VMUhanw, 

d we ^ pe r , liRotaaiils«d> dcwveyor, Model i000>4- 
Tire Bagine, Pviitper 

The fjwnt--end loader aod duap trade were used for gni«ral ' 
utility M roBoval of vlxtdrows of saov from blade^^oriag 

(scraping} operatloiii and reaoral of radloactlte waste resaltlng from 
sweeping operations. Becai«s It was necessary to reapte the snow 
oov^, the buUdoser was used to prepare the bare, frosen foil iuist 
areas. The Model 12 OaterplUar was. used as a mechaaleed grater to 
flnlsh^*grade the areas scraped by the buUdoser. It was also tuped as 
a blade-type snow plow for decontsailnation operations. The paemaatlc 
roller was used to prepare pached-snow surfaces In the test area. 

It was pulled by either the front-end loader or bulldozer. The two 
sweepers and fire «iglne were used as deedntaainatlon appaxntuS. Roth 
Sweepers Incorporated horlsontel road broaas that swept mstorlal Into 
a bln. The Tennant aachlne also incorporated a.vaeum plctoqp luid cloth 
filters to rstaln the dust genemted by the road brooik The fire 
engine was nsed to boost hydrant pressnres to supply two l^ln. base 
itrsama at VO-psl noZzle pressure. 

The decontamination operations ware comduetsd in the 
following manner : 

1. Motor Grading. 

Packed snow was decontaminate by scraping approximately 
2 in. of snow from the surface. All scraping passes were made with 
the grader morlng in the same direction, and windrows formed were 
subsequently pushed aside by the following oirerlapping pass. The 
final windrows were aboixt 10 ft tO' the side of the test area. 

The operation was then repeiated to remove another 2»ln. layer from the 
surface of the test area. 

fikiow windrows were removed from the vicinity of the test 
areas by loading the snow into a. duap truch with the front^and loadte’. 
The oomtamlaatad snow was transportad to the dnmp axma. 

2. Mechanised Sweeping. 

The test areas were deogntanl nated with the neehanlsed 
sweeper by making several sli|0i;tlgr overlapping lengttawlaa paasaa owar 
the area, all in the same direction. The s w e ep e r <-collactlon him wea 
enptled in the dinip area. 

i ' ' ■ ' 
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3* Vltcuiii Bir^plng. 

lilw tMt aroiiiB wetib decont|Hidj3at<^ i^th the iMhiuii sVeepeir 
by: micliiiii Itagthi^Se liMfMM ev^ the ex^ik.^ both The 

0iMe9(i)rH!K)ilectlon bln «ae eiQtled Ih the duagp ares. 

4. Fire Boaln^. 

The land aroM were flrehosed by two men, each vith a l^^-in. 
hose. The hosing started at one end of the area and worked to the other 
end. The roofs were washed by lobbing the water onto theii from grovind 
positions. All hosing <qa9Tatlons were conducted, by persaasiiel of the 
Post fire department. 

D* Radiological Instruments and Surrey Procedures. 

The AN-PDR/27C Radlac was evQiloyed for all radiological 
measurements. A portable 3*^ft-high wooden stand Was. used In conjunc¬ 
tion with the Radlac to support the Instrument at a constaat helg^, 
and to reduce the difficulties associated with handling small instru¬ 
ments with heavily gloved hands. On the 20- by 100-ft areas, measuzo- 
■ents were made at 20-ft Intervals along the centerline ^ each of ^he 
three adjacent spreads of simulant, as shown In figure 1. The sane 
grid Intersection points , were used for. meMurements on the shorter 
20- by 60-ft roof. 

NeasuroDKits were taken before and after decontsmlaation. 

The natural background was Insignificant as compared to all actual 
radlatldn levels and could be Ignored. 

E. Harratlve Outline of Operation Schedule. 

During the period from Jiily to Eovoaber I960, the simulant 
production apparatus was designed, cosqpon^its purchased, and necessary 
shop work performed at the USRRDL facilities at San Francis^. \nd CSsap 
Parks,. Califomla. Also, during this period, the test sites, .uider . con¬ 
sideration were Inspected, selection was made, and plans formulated 
for the conduct of tests. Official permission was obtained from Head¬ 
quarters, Fifth U. S. Army, for the use of Camp McCoy and the available 
logistics supplies theire. In order to Insure that the restrictive set¬ 
up and testing-period time limitations coxild be met and that ample 
technical manpower would be available. It was decided to negotiate a 
ocnitraet. with a research and development concern. Such a contract wms 
negotiated and let to the Cook Research Laboratories of Norton Grove, 
Illinois, a division of Cook Electric Company. 

The simulant-production apparatus and other test gear were 
shipped to Osmp McCoy In Deceaber I960. The contract was effective 
3 January 196I and the field-effort phase was begun Immsdiately. 
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SURVEY GRID FOR THREE SIREAIS OF 81MULAET 





Janiiary and February I96I vere ppent setting up the hot cell and pro¬ 
duction apparatus, Installing sand-bag shiMdlng around expected hlg^- 
doSage sources and occupied operator positions, training personnel, and 
conducting dry nmS. 

By 1 March I96I the project vas in a ready state for testing; 
however, tei^peratvires vere unseasonably warm, and there was a lack of 
snow until the week of 5 March 196l» This snow lasted only long ehou^ 
for a tracer-level hot run. Difficulties in hot plant operation and 
field procedures were Ironed out, however, and upon the arrival of a 
significant snowfall during the following week it was possible to con¬ 
duct nine of the desired tests. In this period, the daytlne tempera¬ 
tures rose above the freezing nark, while the nig^t-time temperatures 
fell within the range of ICP and 2^F. It was necessary to run the 
tests during the predawn to O9OO hr period to experience suitable 
environmental conditions. By the end of the week a thaw Set in,. effec<> 
tively halting any further testing for that season. 

III. EXPERIMENTAL RESimrS AMD DISCUSSi(Mi. 

A. Restdts. 

The data collected from the field tests consist of (l) radia¬ 
tion measurements over the test area before and after decontamination, 

(2) mass level and specific activity of the simulant, (3) decontamina¬ 
tion time and op^ator dose rate, and (4) air teayperatvire. The de¬ 
tailed data, as simnarlzed in table 2 of the text, aro given in 
appendix D. 

The results from the analysis of data are given in table 3* 

Two values for per cent decontamination are given for each test. 

These values were derived by considering a test area's mean radiation 
measuresients for the total area per cent decontamination, and by using 
each measurement position per cent decontamlnatlcm to obtain an average 
value for the test. 

Based only on the radiation measurement data, comgparlsons of 
the various test results vere made by statistical analysis usixig an 
80j( confidence level. The results of these cosqparIsons are eus follows: 

1. There is no significant decontamination of packed snow 
. or bare frozen ground by fIrehosing. 

2. There is no significant difference in the decontamination 
of bare frozen ground by vacuvas sweeping or mechaxxized sweeping techniques. 

3. There is a significant difference between the first and 
second decontamination passes of the mechanized sweeper on bare frozen 
ground. 
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ICHf FffiCHniAGS IN FTIgJ> TESTS 
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. 4. Is no algatflciat dli^araice in tha dacontflalnation 

effectlTenesa of motor gjcatdlng padted shov araaa before aad aflif 
vlBdxoiir roaoral. 

5. There Is ho significant difference in the effaictiv«ttaai 
of decontaadnation of a packed anov area aaong the three iHthoda: aotof 
grading; jaeihumized sweeping; or vaeuaai sweeping. 

B. Dischsaion. 

Because of the assiaed instruaent error (+10j^), the statistical 
analysis of the field data resulted in large confidSice ranges. If this 
sane data had been obtained froa a hypothetical "perfect" ester> the 
ranges would have been .even larger and due singly to variations in .decoh^ 
taeination effectiveness. It is more probable that the actual inatrueient 
error Is larger than the assuaed value and the true variations of the 
decontaadnation percentages are smaller than those presented in this re¬ 
port. As analyzed in this report, the true aiean percentagea of decon¬ 
taadnation haa an QOJt chance of being within the given ranges. 

It may be noted froa the experlaiental results that the two 
decontaadnation percentages.calculated for each test have nearly iden¬ 
tical means but sli£iitly different ranges. It is necessary, therefore, 
to prescribe the use of each. The total area mean and range of per¬ 
centages should be used only for cosqEWison of tests with similar 
paraaeters, su^ as area size, instruments, and methods. In other words, 
their use is.restricted to the comparison of tests in this series. The 
position by position (pairing observations) values can be used, within 
limitations, for couvarison with results of other tests and for possible 
«rtrapolation of results to large or infinite areas. 

The test results can be compared with.previous work under 
temperate environmental conditions performed by USRROiL. The use of 
mechanized sweepers and vacuum sweepers on soil and snow is unique in 
this Project; therefore, only a very general qualitative comgparlson can 
be made to sweeping at template-weather conditions. The f oUoidng is 
a coBqparison of McOoy I data with USBRBiL data from Stoneman II^^ 


Test 

Surface 


DeDontaminAtlom 
-- 

92 

Stoneman II 

Asphaltic concrete 

Mechanized 



Vacuum 

99 

liicOoy I 

Bare frozen ground 

Mechanized 

87 



Vacuum 

92 


Packed snow 

Mechanized 

7^ 



Vacuum 

67 
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It shoiild be noted tbat contaminant particle alley iela;tlvt 
effort, ■Achlnea; tiaed, and mass depoalt leVela verb aciiewbat diffe^ttt 
in the two opeiratlona. It can be seen, hoveyer, that niidSEi^ 
weather enylronmental conditions, the effect lyeneBs was less then that 
for dry peyeBMt. 

pji 

The basic recovery mnual, TM 3'^225, prescnta an effeOtA 
iyeness of 93^. notor-gradlng soil. Under Ideal soil caidltlOns, the 
effectiveness, can rise to 9^ as previously reported. Mhen used, for 
|lpid.ng snow in this, operatlpn, the effectiveness of aOtOT grading was 
Traa. to 73^. Such plowing was. observed to pack the szkhw as the 
blade passed over this compressible oaterlal. This could account for 
the lessened effectiveness. A sore critical evaltiation of the aoM* 
board leading-edge angle to minlnlze this effect would a pp e ar to be in 
Order for future work. 

Fire hosing of the asphalt shingle roof would be e^gpected to 
have a tei^rate-weather effectiveness of 96^ to 96^ based on earlier 
data.?3>24 result of 83?t Is sll^^tly lower but Is, neveorthe'^ 

less, an effective figure for many situations. No freezing of water 
was noted on the roof; In fact, the runoff was free and the roof dried 
in a few hours of sunlight. 

iRadlatlon dosage was kept to a nlninum by the experimenters 
and no residual dosage problems were encountered (see appendix s). 
Normal caap activities were resiamid 30 days after the conclusion Of 
the testing period. 

IV. COHCLUaiONS. 

The following evidence, based on the fragaentary information 
Obtained during this test series, should be considered tentative and 
subject to change. 

1. The possibly unique decontamination technique of water 
hosing packed snow and frozen soil Is apparently without merit. 

2. Mechanized sweeping and vacuum sweeping of packed sziow 
and.frosen soil are effective decontamination techniques. 

3. The decontamination techniques of grading, sweeping, and 
hosing on i^pLicable cold-weather sxirfaces are less effective than the 
same ta^miqjnaa on corresponding temperate-weather surfaces. 
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AHTOIX A 

COLD-WlOTHiR BACKOROUND DATA 


I. . narooKigriow. 

3 “22$^ Resents aethods and data necesaax^ to pajpforll 
decaiitfHilDatlo& operatlona on fixed military InstaXlatlona. As 
preTloualy aentloned, these Methods and data are based on contalnii~ 
tlon and decontamination under temperate weather conditions. Certain 
sections of this manual, such as radiological defense concepts, 
estimating processes, and methods of recovery planning, will not apply 
to <x>ld weather operations. The application of basic recovery crltmla 
mill have to be modified, however, and In some cases alternate methods 
will ^ve to be eBQdoyed. A cold weather addendum to TM 3*^225 would 
present the necessary technical Information so that responsible Per¬ 
sonnel nay estimate the recovery effort (in terns of persc^Sl^ 
materials, and equlxnent) and the over •‘all effeetiveness of various 
recovery methods iinder cold-weather conditions. 

II. PROBLEM AREAS. 

A st;idy has been conducted by this Laboratory of the phenomena 
associated with cold-weather conditions and their expected effect on 
decontamination recovery operations. As a result of this study, certain 
problem areas have been highlighted. The most significant of these, 
relating to the cold-weather recovezy problem, are listed below. It Is 
concluded that the Infozmatlon most urgently needed for a cold-weathe? 
addendum to the recovery manual will be met by pursuing a progi m m that 
Includes these problem areas. 

A. Human Engineering. 

Exposure of personnel to cold weather will necessitate the 
physiological adjustment of body functions. Use of heavy winter 
clothing and other essential;,but uncomfortable Items, may lower the 
nominal work output expected of a person. 

The metabolic cost of performing various grades of work has 
been Investigated by the U. S. Army Quartermaster Corps. Test results 
are based prlssurlly on treadmill experiments. Figure A-1, taken from 
previous datay^ shows the length of time that various grades of work 
can be continued by yoiing healthy men. These data are group averages 
and great deviations can be e^^cted for individual Instances; however, 
they provide guidance for application to cold-weather work. It is re¬ 
ported that the metabolic cost, as shown in figure A-1, will be ln« 
creased by 20 ^ when wearing arctic clothing. 
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Br. F. N. Cr»lg, of the Physiology Blyiaipa^ USACRBB^; h&s 
estliinted that radiological recovery effort falls , into the categCny of 


moderate ifork* Exsal nation of figure A-1 shows that moderate irork oan 
be continued for a h<>hr shift even after aUowing for the 20^ aetaboilio 


increase oaused by the wearing of airctic clothing. 


E&qmsure of personnel to below-freeaing environments can be 
a limiting factor In a recovery effort. Temperature, wind, and solar 
radiation ax^ the prime factors affecting cold senaations. The effeOta 
of tsaperatiire and wind have been combined into the empirical wlndehlll 
formula idilch haa he^ correlated with comfort seaeations at variona 
leveia of wlndehlll.3 The effect of aolar radiation la to deereaae the 
windchjll index valiie by about 200 hg cal/sq. m/hr, Althoui^ mindchlll 
la baaed on the cooling of ziaked bodlea> the comfort aenaatiena of the 
clothed body follow the index fairly well, since the face area is 
always exposed. 

Figure A-2 shows a plot of wlndehlll values for various 
tenqperatures and wind speeds. The value of 1000 corresponds to a 
"very-cold" sensation. It is alsa described as "pleasant condltiotia 
for travel (in Antarctica) cease on foggy and Overcast days." Aval^ 
of ihOO is considered dan^rous as "freezing of human flesh heglms. "3 
Since travel In Antarctica is Judged to be moderate work;, the Wladdilll 
Index of 1000 (1200 on sunny day^ Is probably the upper practical ..limit 
for decontamination work. At -ICrF, the corresponding wind spied for 
this condition is only 2 mphj hOwmver, this is mitigated by the fact 
that "lowest tempnaturas in any locality always occur with calms or 
very li^t winds. In any instance, operations inside closed eaba of 
vehicles would be feasible at -l(fF and operations in the open hii^ily 
probable, provided that the proper type of dothiag is worn. 

B. Equi p me n t Engineering. 

With proper procedures,. mos engineering-type equipment, both 
military and civilian, can be opnmited in cold weather. The work out¬ 
put of this type of equipment will be adversely affected, however, by 
various cold weather extremes; l.e., deep snow, frozen ground, 
ground. 


There is little problsm in the operation, per se, of earth- 
moving and engineer equipment iUi cold environments. Obvious pre- 
oautlOQS, suCh as the use of proper grades of lubricants and Operation 
of puBQs and hose lines to prevent freezing, must be followed. There 
are reductions in efficiency, however, in the output of some macdilnery 
that are dependent upon such factors as depth of frozen ground for 
earthaoving eiptipment, the presenhe of liquid water on surfaces at 
temperatures near the thawing point that would make dry sweeping in¬ 
efficient, and the decrease of operator dexterity idisn wearing winter 
clothing. These limitations apply to wy construetlon-type woi^ under 
cold^weathw conditions. 
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contamination of engineer equlpient during operati<ma m 
a cOntaalnated area; has not prored to be a .■flittlyy jrobliii uadir 
teaperate CiCKidltlonB . . Wei snov vllX pack on tUe attipiihii;0n» 

Idler lAeelS)^ and sprockets of tracked y^lclef. This reqculres Oc|^»^ 
slonal halts to reaoTe tke acculnilation. ^ 

The naval Ciyil Engineering laboratory (NCiL) Is currantly 
Inveatlgatlng the decontaaiinatlon of vehicles under freeeing eondltlons 
Cold-nhaaiber faellitlea at Part Heuneae> Oalifomla, are being utilised 
A neiily develaped non^laachlng fluoreso^ slkulant Is used as the con^ 
taWilnant^ and field expedient daeontaadnatlon neasures are featured. 

C. hater Floe. 

The possibility exists that runoff vater from hosing opera¬ 
tions eay freese, thtus concentrating the contaalnatiicni contained In 
this eater. The paraaetars affecting the freeslng of this riinoff 
eater for various teaperatures and types of terrain are undefined. 

The behavior runoff eater froa fire hoses used in decon- 
taalnatlon operations, down to teBpezetinres as doe as -lO^F, Is a aajor 
problea. It efas observed during the recent Fort Qreely and Point 
fiarrov, Alaska, tests that at runoff eater ran freely doen sllf^t 
slopes. . ^adlsr the eorst drainage condition, ehere the runoff eas on 
ocean lee> vlelble crusting eas noted 15 ain after stagnation at an 
air tcaperature of eod a Wlndchlll Index of 1200. . Most fixed In^ 
stallatloiis hare eell-drained siirfsces, at least around buildings, so 
that runoff eater should reach a drain elthin a fee minutes; hoeever, 
the faethxa that control the freeslng of running eater are not eell 
dtflned. variables Inclvide Initial eater ieaperature, eater flla 
thlckaesa, air tsaperature and eindspeed (elndchlll), surface toapera- 
ture, sld^^ and solar radiation. 

The ECEL Is also conducting studies in their cold chapber on 
the freeslng time of ester fUa at various cold envlronaental condi¬ 
tions. Although the experimental effort Is directed toward the require 
nente of building eaehdoen systeas, the data should be applicable to 
the runoff of hose streams. 

D. Fallout Migration on anoe. 

Any migration of fallout on snoe, either horisontal or 
rertlcle, elU have a pronounced effect on the decontaalnatlon pro¬ 
cedure to be used. 

The vertical aovepent of deposited solid fallout into the 
ground Is ne^lglble under taqperate coxkLltlons, and a slallar cireus- 
ataaoe would be aaeountered ehm the ground Is fros«»; however, the 
fallout nay settle through show and lee by a coablnatlba of ipiWvlty 
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and thexiNd. action. Since tUfr lpcation:..of the fallout> with respact to 
snOw.Or Ice Burfaces^ will deteimtne this decontaalnatlon proceduxo to 
be foUOVed^ It Is neceaaary to understand the phenopena fPsoclatOd 
^th fall-out algiptiont 

The NCEL has reported that sand deposited on show algteiMd 
a iPaxlaHi Tortlcal distance of 1^1/2 In. until solar radiation no lOaiC^r 
had an effectt Little else Is known of this phenoisenoh. 

The poveaent of eotttasil nant by wind under drifting snow con* 
dltlons natMTlally alter the Initial fallout pattern, aS contrasted 
to the situation idiere the snow Is crusted.' The fonwtlon Of 'thot ^ 
spots" on the leeward sides of buildings, ssdaankaents, etc.> .nay be 
sjgpaeted. This effect and possible decontanlnatIon laj^loatlona have 
not been studied. 

S. Dose Factors. 

The effect of snow cover on dose rates In tto instaneo of 
snow fall subsequMit to the arrival of coBtaadnBtl6n mist be eqipaijerad. 
The dose rate for loads of contaadnated snow, Inportant In snow re* 

■oval procedures. Is not defined. 

The operators of equlpinent, such as nechanlzed scrapers, 
loaders, and dunp trucks, should receive a greater dose from a con¬ 
taminated load of snow than from a contaminated load of soil. This Is 
due to the lower bulk shielding characteristics of snow as coapared to 
that of soil. 

The magnitude of this Increased dose has possible significance. 
In addition, there Is the possibility of shielding afforded by snowfall 
subsequent to a contasdnatlng event. 

F. Decontamination Effectiveness and Techniques . 

The residual nxasbers for temperate decontamination operations 
will require, modification for certain cold-weather conditions. Modifi¬ 
cation or substitution of certain techniques, such as hosing, sweeping, 
and scraping, will be necessary during cold-weather decontami nStlon 
operations. 

Only limited eiqperlmental data have been published on the 
decootamlnatlon effectlyeness of any method at low tesperatiares. The 
Gordon and Smith report^ contains some data on the deccmtamlnatlon of 
tar paper and galvanized Iron at CPf using 6- and ^O-psl water hosing. 
The contaminant waS not representative of fallout, but was particulate 
In nature. For the flre-hoslng pressure at 4o psl, there was little 
difference In over-all effectiveness on originally dry surfaces at 0^ 
and JCPF; however, the effort required Increased by as much as a factor 
of 2 when Ice or snow was present on the surfaces Initially. At the 
lower hosing pressure of 8 pel, the effectiveness on tar paper notice¬ 
ably decreased at the cold condition. 
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I. TMP^rPB CRITBIA, 


To iBoiit the ohjeetlvee of the Project 4xi2*0I*0QL-0£, tte 
foUowlog crlterlA, in the order of their latortenee, eere aeii^fl 
neoesMry: 

1. Jennery eean tenpnreture (from. CF to IG^F) and. l^ft 
snow (MfRer. 

2. Asprprel to /uee isotope# sod restricted teet ezMl 
operating srese for auitaUe pei^ode. 

3« A test exes Isolated by a distance of at least 1 aile 
froa inhabited areas, but including pared streets, buildings, elec* 
triclty, and a eater-supply system with fire hydreuxts. 

4. An operations area, including a heated building or 
buildings for simulant production and a change house. 

5. Available logistic support in the form of aoglneer 
equlpaent, nalntenance facilities, and shops. 

6. Operating motor pool. 

7* Housing for test participants. 

8. jteergsncy procuresmit office. 

II. TBST-SITE 8B.ECTI0H AHD PBSCRIPTIQH. 

A survey of military, installations idilch could best meet the 
above criteria, disclosed that Camp McCoy, Wisconsin, eas the logloal 
choice. This casg) met all requirements. except the firstj the January 
me%n tsagperattire is higher than the desired ICPp. It should be 
noted, however, that the January mean temperature does not go belasr 
ICFf at any location in the contlnratal lAxlted States where military 
camps are located. Aoeordlncp.y, arrangem^s were made through 
Headqjuarters, Fifth U. 8. Axmy for the use of Ongt NsOogr as the test 
site. 


This caap, originally designed to accoamodate a .World War II 
triangular division. Is now utilized as the sumwr training area for 
Army Beserve and Hational Quard unita in the Fifth U. S. Amgr. Loglstie 
facilities are on hand for such training/ smd are available for use 










during the reilBlnitig period of the year vhen the caap reVerti to In¬ 
active itatuB. A nap of the eanp'a cantozment area la pres«^ed in 
fij|ure B-ir it aiiouid be noted that during the Vinter> practioaiiy 
all oangp functions are restricted to the area adjacent to or south of 
tarr Creaky leaving, vast areas In the northern pMrt of the cMP avail¬ 
able for radiological test work. 

Figure B-2 IS a nap showing blocks 1 throu#i 6 of Canl) McCSF 
that were selected as the operations and test areas. 

Building 37 vas selected as the location of the fallout 
slnuiant proceising facility. It has a floor area of kO by 120 ft wl"^ 
an 16-ft hl^ celling and double overhead garage doors at eask end. In 
processing the fallout simulant, the raw naterlals were unloaded In one 
end of the building, and proceeded In a line from the hot cell, through 
the various operations, to a bln at the other end. 

A change hoxise was established In building 30> a nearby 
barracks. All cold-weather apparel and protective clothing were kept 
in this building \dien not In use. The usual monitoring, showering, 
and hot and cold locker arrangsBients were employed. On the second 
floor of this building was a storage room and a field office* 

Laboratory space was provided by the radiochemical trailer, 
Radlac Set, AN/rDQ-I, parked Inside building kj, a vehicle maintenance 
building. A coxmtlng room was located in a small room Of this building, 
and the remainder of the floor area, 30 by 30 ft, was utilised for sand 
storage, sifting, grading, and bagging operations. 

Building was used for storage of hot vehicles idien not in 
use azid as a field-area personnel shelter. The only other structure 
occupied by the project was building 33> en orderly room utilised as 
an lUianinated ambient-tengerature Instrument calibration range. The 
roof of building ^0 and the parking lots and land areas In blocks ^ 
and 6 were zised as test surfaces. 

Final disposal of waste, 1 mo after operations, was made by 
burial In a pit In the buffer son# to the camp's remote Horth lipact 
.Area. ' . • 
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I. FBOCitelNG 


Figure C>1 presents the flow diagram of the production pro* 
ceia and figure C-2 present^ the floor plan of building the 
parlhclpal production area. The foUOwlng Is a ,description of the 
mrious atepa necessazy In the production of the radioactive sliBulant; 

A. Sand Processing. 

Portage 51^ Silica Sand vas delivered to building 47 by the 
supplier In a tank truck. The supplier's chealcal and physical analyses 
of this sand are tabulated In the table, appendix C. The appearance of 
the sand Is clean, idilte, rounded particles. The sand SM sieved on a. 
Novo, model SS-8, sieving machine (see figure C>3)> In order to separate 
the l^Opi to 300 h size fraction. T^ sieved sand yas bagged In 30 -db 
sacks and transported by fork lift to building 37* 

B. isotope Processing. 

Qnartz capsules containing 2 gs of Iia 203 ;/ipese Irradiated as 
req,ul^^ 1^ the CP*^ nuclear reactor at Argonne National laboratory 
(ANL), Lemont, Illinois. Irradiations vere performed In a theraal 
neutron flux of 5 x 10 ^^ W/sq, cm/sec in order to produce specific 
activities In the range of 7 to 13.curies/gm. The capsules sere loaded 
by ANL personnel Into a shielding container vlth 7*ln.-thick lead vails, 
velghlng 1850 lb. This ms transported by truck to Camp McCoy, Wiscon¬ 
sin, a distance of 27 ^ miles, ^ich required 8 hr of driving time. Upon 
arrival at Camp McCoy, the truck backed throu£^ tbecvest access door of 
building 37 idiere the shield vas unloaded by a fork lift. It vas then 
picked up by an overhead monorail trolley hoist and transported into 
the hot cell. 

The hot cell vas a room 8 ft vide, 12 ft long, and 10 ft hlj^ 
surrounded by concrete vails approximately 2 ft thick. The vails vere 
made of three rove, of solid concrete blocks 4 by 8 by I 6 in. laid vlth- 
oizt mortar. They vere so stacked that the cracks betveen blocks vere 
o\zt of alignment. This provided a minimum shielding thickness of I 6 In. 
of concrete. The vails vere coated vlth tvo coats of idiltevash. fecial 
attention vas given to thoroti^jly brushing the vhltevash Into aH cracks. 
The celling of the hot cell vas sheet rock vlth edl comers and Joists 
taped and speckled. The double access doors and double aDOorall^«4oaure 
doors vere tl|^t fitting vlth sponge rubber seals. Figure C-4 shows 
some stages of the cell construction. 








































Sieve Sise 


on 4o 

1.6 

On 50 

14.7 

On 70 

31.7 

On 100 

31*4 

On l40 

15.1 

On 200 

4.4 

On 270 & pan 

0.9 


resentatlve Chemical 


Silica 
Iron Oxide 
/□.umlnum oxide 
Titanium oxide 
Oalclum oxide 
Negneeium oxide 
l 0 M on ignition 
Fusion point 


99 . 58 ^^ 
0 . 021 ^ - 0,02lS^ 
0 . 20 ^ 
O.QU^ 
O.QQL^ 
Trace 
0 . 171 ^ 
3,O50Pp 


* Supplied by Carpenter Brothers, Inc., Nilmauhee, Wisconsin 
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A vlevlii^ vlndoiry 2 by 2 by 2 ft., vas placed In the front 
nail and filled with optical-grade zSHc bromide. Alao Installed on the 
front valJL'.vas a pair. of. model 8 master-slave manipulators« Figure C*5 
Shovs the operator, using manipulators to jnrepare matarlals for a pro¬ 
duction run. To the left..of the viewing vindoe was an access tube of 
2 -in. pipe used for sasqpling; idien not in use, the ezid vas capped with 
a 4-ln*Tlong lead pliig. 

A 9-ih« amunradl heitt vas: mpw^ inside the hot cell and 
vas e^pped wl^h a 2 -ton trolly cna^ hoist. A plsitform vas 

provided in the cell on Which to place the lead shield. 

Tvb stalxiless.steel trays covered the tables on^i^ch the 
chemlcsl vprk vas perforaed. One txay vas 2 by 8 ft and had a l-ln. 
lip. This tr^jvaa used for stora^^ of. airrors and cold cheadcals* 

It vaS placed directly In front of the hot-ceil. vindov and vas supported 
by savborses. Thecdther tray vas a square hot-vwk table with b-ft. 
sides and a 2-ln. lip. It vas supported by a plyVood box .filled vltk 
seuui that was used to shield a dry vastebdsket located beiov a hole in 
the center of the tray. 

The cell vas equipped with electrical outlets and vacuum and 
pressure lines. Ibch vacuum line was equipped with a trap to prevrat 
pulling radioactive material froBi the celli: A hot plate vas located on 
the work table to heat the lanthaniim Solution. A tteOhanicai device used 
to fracture the quartz vials vas located on the storage tray. The 
glassvare used In dissolving the senples consisted of a 400hii1 beaker, 
a 250 -ml volumetric flask, a 2^Q-aI graduated cylinder,, a filter tube 
with 30 -mm diameter {rltted filter, and a.l^-Uter Jug.ikth a manifold 
and necessary stopcocks to permit evacuation, pressurization, or 
flushing of the Jug. A Ty^n |Ube vas connected to the dlScb^ge tuhd 
of the Jug to permit transfer of the solution to the sixer. The in¬ 
terior of the hot cell is shovn in figure C- 6 . 

An exhaust fan, capable of moving air at the rate of $00 ^m 
eigalnst a pressure differential of 0«$-in. initef. Was connect^ to the 
hot cell by the vay of duct vork ai)d a filt^ system to an eidiaust 
stack outside the building housing the simxiiant plrodUctlpn facility. 

The filter systmii for the hot. cell cbnslsted of four coarse filters in 
series and two fine filters In parallel. The coarse, filters were 
furnace-type. They vere 2$ by 2$ by 2 in. and were capable of handling 
1,000 cfm at a pressuxw dl^erentlal Of l-ln.. water. The fine filters, 
niB absolute type, msnufsctured by the Cairi^rld^ FllteX CbxToratlcm .of 
Syracuse, New York, provided an airflow cross, section measuring 
^ by 48 by II .5 in. 

In the hot-cell operations, the monorail hbizt hook was en¬ 
gaged to the shield cover and all personnel withdrew ffom the hot-cell 
interior. The warning devices vere activated to set an alarm when any 
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FIGURE C-5 


USING MASTER-SIAVE MANIFUIAT0R8 
DURING PREPARATION OP laCl^ SOLUTION 
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opening of the hot:-cell access doors .occuxTed. All hOt>cell operatic^ 
were performed by the hot-feell dperlitor from outside the dell using 
master slave manipulators, and Insertable sample receiving tube, aiul 
utility cdntrols. The shield cover was removed by the hoist, and the 
capsule container removed from the shield by locating emd pviillng out 


a leader wire with the manipulators. This wire was attached to an 
cLIumlnum container, ^Ich was opened by breaking a wire seal. The 
quartz capsule containing the Isotope was tWen out, the foil wrapper 
resioved) and the capsule placed In the Jaws of the crushing device. 

This was then placed In a 400-ml beaker of warm 0.1 N hydrochloric acid. 
Tightening the thumb screw on the crushing device fractured the quartz, 
allowing the radioactive to dissolve In the acid proddolng a 

solution of laClo. Dissolution was hastened by transferring the beaker 
to a magnetic stirrer. 


A 1-ml sample of the solution was prepared for activity assay. 
This was done by taking a 200-X sangle and diluting It In 2^0 ml of 
water In a voliimetrlc flask. The 1-ml sample was withdrawn and placed 
In a 10-ml beaker in the end of the sample receiving tube, >dilch was 
pushed throuj^ the access tube In the cell wall. This sample was re¬ 
moved from the hot cell and transported to building kj for coimting, 
to determine the specific activity. Then an amoxmt of the radioactive 
solution, calculated to Contain 3 curies, was povired and measured In 
the graduated cylinder. This was then transferred, by vacuum, to the 
collecting Jug, through the fritted filter, and diluted with water to 
provide UOO ml of solution for the next operation. 

II. SIMUIAHT MIXING . 

Mixing of sand. Isotope, and sodium silicate was done in 
300 -lb batches In a modified, trailer-mounted, l6-cu ft concrete mixer. 
Modification included adding internal heating elements and extensions 
to the mixing blades, .and replacement of both doors with special air¬ 
tight doors. One d^r contained a vent pipe for connection to the ex¬ 
haust system, a slotted pipe that served as a receptacle for the nozslst 
and air heater, and a small covered feed hatch. The second door had an 
attached dunging chute that was remotely inserted Into the mixer. Tba 
mixer was equipped with outrigger legs for support during operation. 

The mixer exhaxist system was Identical to that of the hot cell. 


Accessory equipment Included an inlet air heater and blower, 
an Inclined belt conveyor and funnel for loading the mixer, and a 
similar conveyor to convey discharged sand from the mixer to the bucket 
elevator. This Inclosed elevator elevated the sand so that It warn dla^ 
charged into the metering hopper through a ro\ind spout. Both ends Of 
the mixer are shown In figure C-7. 
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Two Bptaty laiicM, aii jliotope and a sillleate Jjmne, Ve^e 

separately, used 4-n Conjunction with the alxer. The lance Was nloianted 
in the mixer howl aloi^ the axiad Centerline. EaCh lance had tWo supply 
tubes, one of which was the atomizing lihev On the isotope lance 
there was a lygon tuhe connected to the isotope Jug in the hot cell. 

The silicate lance was connected by a hose to a 4-ln. diameter glaSs 
pipe used as the metered silicate supply. The lances were secured in 
place on the mixer by snapping two suitcase latches. When not In use, 
the lances were stored in shielded drip pans. For details Of these 
features, see figure C-8. 

In operation the sand was loaded into the mixer and preheated 
for 1 hr. The isotope lance was mounted in place and the 400 ml of 
LaCl^ solution sprayed into the revolving mixer drum. Transfer of 
Isotope from the hot cell to mixer was done by pressurizing the isotope 
jug with l^-psi nitrogen, forcing the solution through the Connecting 
Tygon flexible line. This line was then rinsed by passing throvi^ 

200 ml of water* Next, the Isotope lance was removed and replaced by 
the sodium silicate lance. Five liters of 19^ sodium silicate Were 
sprayed into the drum to coat the tagged sand particles, and the line 
was then flushed with 1 liter of water. The silicate lance was removed 
apd replaced by the nozzle of the portable air heater. The mixture was 
then allowed to mix and dry for 2 hr. At this time, a trip on the dusqp 
chute was triggered remotely, inserting this chute into the mixer by 
spring action. The ccmveyor and bucket elevator then transferred the 
simulant to the metering hopper. 

III. cowAwnmn! fixation. 

The final process in the simulant production was baking the 
coated sand at 1,OOO^C for 1 hr in order to fuze the sodium sllloate. 
This involved loading the sand into six pans of kz lb each to make up 
a 2$0-lb batch in the baking furnace. Two such batches cooetltuted a 
^-Ib production run. Following baking, the pans of sand were cOoled 
and delivered to a final portable hopper* 

The metering hopper was a dual hopper that dispensed a fixed 
asiount of sand into each pan. The ^CX>^lb capacity upper hopper received 
sand from the bucket elevator discharge spout. Directly below the upper 
bin was a meehanlsm with two remotely controlled pn Buestic«powered slide 
gates. Opening and closing the upper slide allowed kZ lb of sand to 
fill the lower hppper. A pan on the tray line below this lower hopper 
was filled by aenipulatlon of the lower gate. dual hopper is shown 
in figure C-9. 

Accessory equipment included a gravity-feed roller conveyor 
to support and supply pane, a remotely controlled hydraulic pusher to 
move filled pans, and a rail-trey line for the movement of filled pans 
to the furnace. 
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FIOURI C-3 

LANCE OIERATION (fRACTICE RUN) 

a. Inserting Lance Into Nl^r 

b. Staring I«nce in Drip Bsn 


Appendix C 


^♦3 







FIGURE e-9 
METERING HOPm 


a> Shoving ineuaatlc Cylinder Actuators 
h. Position of Hopper in Relation to IVirnace 
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The furnace vas a hearth area box, G]^n at both ends^ with 
over-all dimensions of l4 by 4 by 10 ft that velg^ed l^l tons. Into the 
bottom of the hearth were inserted three carbofrax skid rails. The 
heat was furnished by six diesel oil burners. The fuel was atomized 
by air supplied by a compressor.at 90 psl at a rate of 40 cfm (std.). 
Combustion alf was supplied by a 2 hp blower opexeiting at a 9*ih* 
water-gac^ pressure* Venting of combustion gases was accomplished 
by a hood canopy and a sheet-metal chimney with a l4,000-cfm eoaidal 
blower in the chimney duct. The ftimace with the exhaust hood Is 
shown In figure C^IO. The doors at each end were permeuiently luqpt 
open to permit the exhausting of combustion gases and the entering 
and discharging of pans being processed. The furnace was lined with 
refractory brick and had a sprung-arch roof. The temperature was 
controlled by means of a thermocouple and a solenold>operated fuel 
valve. 

! 

At the end of the production line was a hopper Into Which all 
processed sand was dumped. This hopper was located at the top of the 
final Incline of the rail-tray line. As the pans Were pushed past the 
end of the Incline they were tipped forward, and then overturned by the 
following pan. This dumped the sand into the hopper, with the over^ 
turned eopty pans being retained by a gravity-roller conveyor. Figure 
C-11 Illustrates this operation. The bottom of the hopper was egnlpped' 
with a small roll grinder under which was accomaodated a portable 
hopper iised for loading the spreader truck. A mfechanlcal, remotely 
controlled gate was provided at the end of the roller conveyor to con¬ 
trol the passage of empty pans. 

The extreme heat of the pans and their contents and the In¬ 
sulating qualities of the sand made it Isiperatlve that cooling of the 
sand be accelerated. This was accomplished by drilling a well at the 
mast end Of building 37 to provide a soxurce of water that would spray 
on the underside of the pans as they came out of the furnace. The pans 
were sprayed until the sand was dumped Into the hopper at the end of 
the line. 

IV. FIMAL OOWTAMIHAHT HANDLIHG ARP 8PREADIHG. 

> 

The final hopper In the production line, containing ^00 lb Of 
simulant, was manually pulled from building 37 by a 13 ft long pole hook 
It was then picked up by a shielded fork-lift truck and maneuvered so 
that the loaded hopper was located above the bln of a Burch Hydron sand 
spreader mounied on,a 5-yd dunqp truck. The operator dumped the simu¬ 
lant into the s p re ad er bin by activating the release mechanism with the' 
long pole hook (see flgiure C-12). The truck mob then driven to the 
test -area. 

The sand spreader Is a comnerclal unit, with a friction power 
take-off from the truck's rear wheels. It Is designed to uniformly 
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sprolMl road surfacing and antlikld aatienrlal. Uniformity uas enhanced 
by nd din g an ixtenslon trougb at the outlet end to smooth-feed 
tions caused by innterlal delivery splines, and to limit the free fell 
of material to 2 to 3 in. ^en the truck bed is raised (see figure C-12)* 
The ilodel used s^ead a path of nos^nal 7 ft yldth. In jnmctice, three 
paases produced a 20 -ft rntde contaminated strip* Operationally, t|e /.> 
iruck WM driven at a crawl, with power take-off .enga^ before stirtint/ 
to minimize sllppeige of snow, or niolsture-coated frlction dTive wheeia* 

In the roof test, a 2-ft wide Scott lawn spreader was/used.. 
This was modified to Include a lO-ft long handle extension and tachom** 
eter (see flgiire The spreader was loaded manually, usihiS 

siiaiiaat. left over fr^ other operations. 
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APPENDIX D 


BgroiMEBTAL 


I. DESGRIPTION OF DATA , 

Thp data collected from the field tests consist of the (l) 
radiation meaisurements in milliroentgens per hour at the various posl^ 
tlons over the test areas before and after decontaminatloh^: (2) Bass- 
level and the Specific activity of the fallout slBulant collected In 
the saaple piuis, (3) deeontaadnatlon tlae, (4) aaSlBip dsco)ntaBd.nation 
egulppaent operator dose rate, ax^ (5) air teBperaturc* 

II. DATA GOBRECTIONS . 

The radiation measurements taken under field conditions vlth 
radlac meters were corrected for Instrviment calibration, relative posi¬ 
tion of the meter over the test area, and the decay of the- radioisotope 
on the simulant. Theoretical considerations for ne^ectlng other en^s 
and the method of correction, of radiation measurements for meter posi¬ 
tion were presented in a previous report. * 


Correction factors for each of the measurements points, as 
derived, in the above referenced report for a 100 by 20 ft test area, 
are as follows: 


Distance from 


Distance from side of area 


end of area 

At 3.33 ft 

At 10 ft 

At 16^67 

ft 




20 

1.21 

1.04 

' 1.21 

ho 

1.16 

1.00 

1.16 

60 

1.16 

1.00 

1.16 

80 

1.21 

1.04 

i.21 

AH madlatlon measureiBents are corrected for decay to the 

decontamination. 

using the formula 




I. - 




* Meredith, John L. Method of Evaliuttion of Ejgperlmental Radiation 
Msssursments ^er a Rectangular Source. USA CmlC NDL-TR-U. 
UNCIABSIPIID Report. 






Iq = Intensity at time of decontamliiatlon 
Ip s Intensity at time of measurement: 
t - tisw in hours betveen deoahtamiaatlpn aad^ 
e base of natural logarithm 


III. TABULATIOR OF DATA . 

A. Test Data Tables . 

The data collected from the field tests are presented in 
tabular form for ehch test. The tests are identified by number, type 
of test surface, and method of decontamination^ Included in the test- 
data tables are the following: 

1. Air temperature at the time of decontamination. 

2 . Dimensions of the test area. 

3 . ^Specific mass level (grams per square foot) of simulant 
collected in sai^e pans, the pan's position on the test area, and 
the mean and standard deviations of the mass level. 

4. The specific activity (microcuries per gram) of the 
simulant collected in the sample pans, corrected to the time of 
decontamination. 

Decontamination tlsm required for the test area, which 
Includes maneuvering time. 

6 . The maximum dose rate received during decontamination 
by the equipment operator, 

7 . Observations of factors affecting test measurements, 
results, or conclusions. 

6 . Badlation>level measvirements taken over the test area 
corrected for instrument calibration, and the position of each measure 
ment over the test area. The position coding system, applicable for 
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In addition to the field data, the tables also Include 
radiation measurements corrected for position and decay and calculMied 
percentage of decontamination. Each radiation measurement vas corrected 
by multiplication of the field measurement by applicable position sod 
decay correction factors. The resulting values were analyzSd for par- 
centage of decontamination by the following methods: 

1. A total-area decontamination percentage was derived for 
conqparlson of the various tests In this series. The aeini, X, and the 
standard deviation, s, of each set of corrected measurements were 
calculated by the equations 


X = 



s 


■/ 


Ex2 - 1I(Ex)2 


N - 1 


( 1 ) 

( 2 ) 


idiere 




sum of measurements 

sums of squares of measuztasents 

number of measurements 
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Th(B percentage of deconteunlnation and 80)( confidence range vae then 
Calculated from these values as follows (subscript 1 denotes before 
decontamination and Subscript 2, after decontaDdnation): 


X, - 5L 

Per cent decontamination * — _ ;(10Q) (3) 



2. Decontamination percentages were calculated for each 
measurement'point and subsequently analyzed for em over-all mean and 
range for that test. These results would be used for projection to 
large or infinite areas. Each point's decontamination percentage was 
calculated by the equation 

(Xi - Xo) 

Per cent decontamination = 100 . ^ ' 


(5) 


The mean (X) and standard deviation, of the deahntamlnation percent¬ 
ages were calculated using equations (l) through (?)• The ra&ge about 
the mean percentage was then determined by the equation 


Range « ±1.282 s 
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Total area decontaaljiatlpn percent!^: J.l 

Total area deOontaMnatlon range percentage: 6.4 13.8 
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HEAiag-fi^sicfl aiaA 

■ 'l.. (WRAL , 

The eachitiwtlve (iry runs and rehearaals, in addition to a 
liberal applioation of applied shielding everyirtiere it irould fit> i%* , 
suited in no siipiifleant radiation doeas to persmmel. The hlHibeat 
total dose absorbed eas 0,3 r for any One person. There mere no ahive* 
tolerance aerosols detectedi and no change in the radiation bacli^pf'Ound 
environnent of the casqp that co\ild be attributed to' this project* One 
BKjnth after operations ceased, radiation surveys made by the Cook 
Research Laboratories, MortOn Grove, Illinois, and the liaitb FhysteS 
Office .of this Laboratory Vere negative. 

II. PgURITIES IN IRRADIATED MATERIAlfl . 

Two capsiilee of La^Oo, irra d i at ed at Argonne Nation^ Labora> 
tories (ANL), were allowed to decay for 5 mo so that the La^^should be 
completely undetectable. Any residual activity would be due to imspitfitieS 
in the material lz*radlated. Experimentation at this Laboratory re- 

residual activity in the capsxiles is approximately 
205 b cesi\im-l^ (Ca^3^) and the remainder a mixture ...of the three isotopes 
of europium (Eu). The total activity released at Camp McCoy, Wisoonain, 
decayed to < 50 ^C after 30 days. Practically all waste kas carehdly 
burled in accordance with Atomic Energy Comsilesion (ABC) regulations, in 
the restricted buffer-sone area next to the North Impact Area of the 
camp. The quantity of Cs^34 earth isotopes b\iriod is about ‘ 

that allowed by the AEC in one disposal pit for an unknown mixture of 
isotopes. 

III. PRODCCTION-ARBA DOSB Tjwngra, 

Fresented below is a sumsary of dose levels in the simulant* 
production area for all operations there, in addition to a schedule 
for the moot active production run (see tables E-1 and E*2). 
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